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OBJECT:

The object of Project A 1.13, Agent NCE and Related Compounds,
is to study MCE and MFl and thedr analogse with a view to estimating
thefr effectiveness ar CW agents.

The object of the work deescridbed in this report was to measure
the various physical constante of MCE, particularly the vapor pressure-
temperature relationehip, in order to make these data avajlsble to
investigators working on the varioue phases of this project.

RESULTS:

The physical constants of MCE are as follows:

20 . e N 1. 4240
"p
Formla welght ................ e 162. 3
Parachor (25°C.) ..vviverranersnn Ceaeas . 359.8
Freezing point (purest sample) .......... -50.0°C.

Boiling voint (extrapolated from vavor
pressure data) ........... 2u6°C.

Heat ot vaporiiation
Average values 35-95°C. ............... 17900 cal./mol. or
79.6 cal./gran.

__gg Yapor Piessure Volatility Deneity Vigcosity Surface Tension
nm. Hg ng./1. g./ml. centi- centi- dynes/er.
e, stokes poines
-10 - - 1.105 - - -
0 » - 1.096 - - -
10 - - 1.087 3.00 3.26 -
15 - - 1.082 - - -
20 0.0k423 0.49 1.077 - - ~
- 0.0701 0.612 1.073 19 235 32.0
30 0.100 0.858 1.068 - ~ 31.8
35 0.14? 1.20 1.064 L.67 1.78 -
4 0.275 °.25 - - - -

The vapor pressure - temperature rel&tionship is as follows:

logyo p = 8.305 - 2820  where p = vapor prescure, mm. Hg.
T T = temperature, °K.

The expeneion to F5°C., and the density of crude MCE tapped from & 750 keg.
bomt, were measured, snd are in table U,

CONCLUSIONS: Fone.
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FHYSICAL CONSTANTS OF MCOR t ’

PROJECT: A 1.13 T.D.M.RB. 109k - !
1. INPROIUCTION. w
A. Object. ‘

The ocbject of Project A 1.13, Agent MCE and Related Com-
pounds, is to study NCE and MP] and their analogs with a view %o
estimating thelir effectiveness as CW Agents.

The object of the work deecribed in this report was to
measurs ths various physical constants of MCE, particularly the vapor
pressure - temperature relationship, in order to make thess data

available to investigators working on the various phases of this
project.

B. Authority.

The authority for the work described in this report is
Project A 1.13 of the Project Program for Piscal Year 1946.

11. HISTORICAL.

Barly in the spring of 1945 a number of captured German
tombr and shell wers resceived at Bdgswood Arsenal. W¥hen ons of each
was tapped, both proved to contain crude NMCE. The bomb was the
750-kg. size, and conteined MCE with approzimately 5¢ of monochloro-
bentens. The shell (105-mm. howitzer) contained MCB with adout 20¢
of monochlorotenrens. Samples of these materials were distilled by
versonnal in the Chemical Division to obtain the purs sgent for
study. Teste are now in progrese on various phases of thie study,
and in order to supply background data for the testing and evaluation

of the agent, the physical constants were dstermined and are reported
here. .

111. EXFERIMKNTAL .

A. Materials end Equipment. -
1. NMCE.

A number of samples of pure (twice-distilled) MCB
and one sample of the crude material from tre bomb were used in this
work. In addition, one sample of materiasl syntheeized at this Arsenal
by Capt. Bueggzeberg (report in progress) was used. The results of
analysis of the pure samples are given in tadble ).

CAN S vl
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Table 1 K

Analyses of Pure MCE Samples Used Yor Determinatione of Fhysical
Constante
Calc. Jound —

Sqmple No. ¥1003 M108] M10TE N1081 8-184°
CN as HCY, §  16.0k 16.07 15.78 15, 16.19 16.23
Nitrogen, £ 17.28 16.98 17.00 16.65 16.78 17.05
Phosphorus, § 19.10 19.04 19.04 19.12 18.76 -
n§° - 1.42%9 1.4243 1.k2% 1. 4240 1.4240
‘go - 1.4190 1.4185 1.a97 1.4200 .
Chlorine - - - - 0.12 nil

® This ssaple was synthesired at Bdgewood Arsenal. The others were material twice

dietilled

from thAat in the 250-kg. bombd.
2. !guiggont-

The eauipment ie described under the separats teste
in Section I11 C, velow.

B. Procedures.

The various procedures are descriteddn Ssction 111 C, below.

c. Results.

1. Vapor Pressurs, Volatility, and Heat of Vaporization.
a. Transference Method.

The vapor pressure was measured at 25-55°C. in a vapor-
transference apparatus, by tudbbling nitrogen at msasured pressure
through the agent in a triple-pase bubbler immersed in a water ther-
mostat. The procedure has besn described in detall in numerous
reference texte. The specific apparatus and its manipulation huve
been completely discussed by Pecorella anéd Mascy (1). The velues
obtained at first were erratic, due to the 4ifficulty of weighing the
small quantities evaporated as a result of the low vapor pressure of
the agent and the short time of the run, and so were discardel). 7The
later valuea were obtained by allowing the apparatus to run for 2
to U days at & time tut even so the valusat 25°C. were not consistent.
The experimsntal values o obtained are given in tadle 7. Two
samples of MCB were used for the determinations, which are corrected
to mm. of Hg. at 0°C,




Experimental Values of Vapor Pressure of MCE bty the Air Transference

Method :
Temp. Wt. lose Vol. of Pressure of - Vapor Pregsure o
_ . of MCE Nitrogen Nitrogen Sample M1063 Sample S-184 Average
o(C. g ml. nm. He. mm. Hg. "mm. Hg. - mr.He.
5.0  0.0095 21980 760.0 0.0454
0.0137 25610 760.0 0.0561
0.,0202 26640 760.6 0.0796
0.0118 28620 761.2 0.433 -2
35.0 0.0287 20260 746.0 0.146
'0.0292 20010 744.6 0.150 \
0.0236 17125 759 -5 0.144 . 0,146
5.0 0.0233 g720 . 760.0 0.254 '
0.0342 14880 760.5 0.2k43
0.0505 21320 761.6 0.Pk
0,03k2 11600 . 7h2.0 0.270 .
0.0257 10060 761.5 0. 268 0. 261
55.0 0.0355 6520 763.7 . 0.573 )
0.0385 8320 762.5 0.487 0.530

* The average velues were obteined ty averaging'the determinations for each semple
reparately, and then averaging those values.

"+ Yo gﬁprage was calculated due to the inconeistency »f the data.

b. Ramgay-Young Method.

_ Thie method is likewise a standaréd one descrited
in & number of texts. The assembly of apvaratus used for the work
here was taken directly from Reilly and Rae (P). The ersential feature
wae & thermometer, the %ult of which was wrapped with abrortent cotton
kept wet with the agent by meane of a dropping funnel, placedin en
evacuated chamber immersed in a water tharmostat. It war operated

" by evacuating the chambear to a measured pressure, allowing time for
ecuilibrium, and reading the temperature. 1t was found that, due to
the low vapor presyure of this agent, reliable resuite could only te
obtained if the temparature -and pressure were held constent for atout
an hour. Only two values were obtained by this method, as follows:

Temperature Vapor Pressure
hg.0eg. 1.15 mm. Hg.
973.73°C. 3.7 mm. Hg.

€. Distillation Data.

The apparstus used bty Rueggeberg to distill sample
5184 and one other only slightly less pure sample was one in which
the mesnometer wac connected to the point in the system at which the
temperature was read. The dietillation tempersture-presrure data
were, in effect, vapor pressure data, and are included in the values
raported here ac follows: ‘
Lo
v.‘5~.
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4 . Temperature Vapor Pressure

72.5-73°C. 1.5 mm.
) 86~87 (mostly 3 mm.
g7)eC.

d. Average Values of Vapor Pressure, Volatility and
Heat of Vaporization.

The values reported above for the vapor preesure
were averaged on & log p ve. 1/T plot bty the method of least squares
to give the following equation:

log p = 8.305 - 2%20

T
where log p = logarithm to the base 10
. of the vapor pressure in
mm. Hg.
T = absolute temperature, °K.

The valuer calculsted from this eouation'arp given in tatle 3. The
check was ouite good, as compnrison with tatle ? or raferance to
figure 1 will show.

The volatility of the MCE was calculated from
the. calculated values of vapor presrure bty the ideal gas law and the
values are given in table 3.

The boiling point at simospheric pressure {760
mm. Hg.) was likewise calculated from the equation above, assuming
the plot of log p vs. l/T was linear to so high a value; the value
f0 obtained was PL6°C. .

Tatle 3

Vapor Pressure of MCE Celculated from the Experimental Data by Me thod
of Least Squares

log p = R.305 ~ 2820
T

Temperature Vapor Preesure Volatility

°C. mm. Hg. mge /1.

20 ’ 0.0483 0.kag

5 0.C701 0.612

30 0.100 ) 0.858

15 0.1k2 1.20

L5 0,275 2.25
PUG. 3* 760 -

* Wormal toiling point, ascuming the equation holds to 7A0 mm. Hg.

The hest of veporiszemtion was calculated from the
modified Clapeyron-Clausiur equation:

-4 .
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loearitm to the tara o of the
VADOT Dreaspurs

heat of vaporiration, cal./mol.
£8® conrtant, 1.9%7 cal./®C./mol.

whera 1In n

Hv
R

Hw

Uering the ecuntion for the vajor preererures of MCRT

log p = R. 707 - 2820

T
or 1lnp = 2.303 (8.307 - 2820)
( T )

4l1n p = 2303 x 2200 = Hv _

Hv = 2,303 x 7270 x R = 12,300 eal./mol.
8nd the heat of vaporiestion per gren = 12,400 2. 162.3 = 79.6 cal./gran

It will be noted tket trece rre the average values of lLest of vapori
zation over the renge of the experimental dnta.

. Density of Pure and Crude MCE.

The denefty of both the fure MC® and tha orude MR
from the £30-kg. tonot was measured ot verioue temperatures by dilsto.
mater. The valuer are fiven in tatle L. Aleo Included are the values
for the nercent exeanciasan from various temnaratures to h3°C., #Hr
ure in fliling caleula tionk. The rlat of denrity versus temvermture
was linear over the rangs rtucied.
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Taktle U * )
Zensity of Pure and Crude MCE
Temp. Fure MNCE Crude MCE
( Sample M1067) . {From 230-kg. tomb.
Rxptl. Values Exuansion® Bxptl. Values Expansion®
Valuee from to 65°C. Yalues from to 65°C,
_plot plot
°C. & /ml. g-/ml. 4 /ml. g./ml. b
~-10 1.105 6.64 1.118 6. LR
0 1.096 5.79 1.109 5.6
10 1.0R63(9.8°C) 1.0R7 u.9? 1.1701(9.R°C) 1.100 L.76
15 1.082 4. Lk 1.095 4.29
20 1.077 3.96 1.091 3.90
25 1.7721(F4,9°C)1.073 3.57 1.0%6L( 2L, a°C) 1.086 1.43
30 1.068% 3.09 1.0%? 3.05
35 1.0636 1.084 .70 1.071 1.077 £.57
65 1.0%4 . 1.050

® There values are reliatle to two rieni<icnnt f5gures.
3. Freezing Foint,

The freaving voint of twn samplec of MCE wae deter.
mined ty Backmann techrioue using a toluene filled trermomater wiich
was correct at -45.7°C. (f.p. of monochloratenzena). Each deter-
mination wae run in durlicate. It waes foun? th-t the mnatariel wae
2ifficult to freese unlsre a few varticiec of a dryine asent {Tri=riis)
were accded. Tim values obttainae’ weres ar followe.

Sample Freezing Foint Ottained Average Fre~ving Faint
MNlCT8 31.90; 30.R -30.50C.
S 1%y 32,0, -30.0 -30.0<C.

The Sanmcle 5.194 seeme? to be conmewhat more purs, on the tacie 5f the
:dgrner freezing point, ae wall ar on the tasis of anslycie (tatle 1)

4 Viecority.

The vircority of pure MCE wae maasures Ly {snnon
Fensrre-Ostwald viscomster, at various temparaturer. ' lhe evperinrentsl

valuer are piven in tstle 3. Bach wvalue {s the sverare of 3 3
geparate ceterminations:

Tatle 3
Vircority of Furae MCY
Temparature Viecordty
-G Centistrkee  Centimotrer
10.0 1.00 3.2k
23.0 .19 2.3
35.0 1.67 1.7%
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5. §grfacn Teneinn.

The eurface tonrcin: wae determined on pure gemple
M10R]1 usring 8 du Nouy interfaciml teneriomater calitrated ty the methnd

of Mrcy (). The velues were fsunéd to very little with tempernture,
ar follown:

Temperature Surface Tensinn
?3.0°C. 32.0 dynes/cm.
30.0¢eC. 31.R dynes/cm.

1v. DISCUSSION.

The parachor of MCE was calculated from the density'and
surfacé tension. In sffect, thie conetant ir a corrected molar volume =

F = M'.Sll)4 = molecvlar weight ] 1/4
d

where P = Parachor
M = mclar volume
§ = eurface tencion, cynec/cm.
@ = fensity, c./xl.

The value calculrted for MCY using the valuee of @ and S at 7F5°C.
wae 359.%. The caleuleted velus using Parpshor eeulvalents tnt:la
Ty Glasetcne (4) and Mumford and rrillipe (3) wae 357.3. The Apree
ment was fair and ro confirnae the known etructare of tke material

The refractive irnficec were cetermined on there samples
ty the Anelytical Branch, as a control provertv. The valuer at
FNeC. for tiie enétum D lire were in gond arreement (tatle 1) for
8ll the mamrler, piving an everrpe fieoure of 1.47P4N. The vaoluse at
L. wera 2iscorirnt due tn A4fTic ties of temnarpture and umid ty
control.

Ve CONCLUSIONS  None.
vI. £ECOMMENDATIONS. Yone.
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